Object. The application of bibliometric techniques to academic neurosurgery has been the focus of several recent publications. The authors provide here a detailed analysis of all active pediatric neurosurgeons in North America and their respective departments.
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R eseaRch and publishing are important components of many pediatric neurosurgeons' careers. A goal of all researchers is to publish their academic work and have it recognized by their peers, further influencing development in the field. Citing another researcher's work is a method of formally recognizing the contribution of that researcher to the literature.
Citation analysis is defined as the study of references cited in the bibliographies of scholarly publications. A well-recognized example of citation analysis is the journal impact factor, which is calculated as the average number of citations per paper published in a journal during the 2 preceding years. Citation analysis is a fundamental tool of bibliometrics (i.e., informetrics, scientometrics), which is the application of statistical and mathematical methods to quantitatively analyze scholarly documents in an effort to establish indicators of research performance. The subject of a bibliometric analysis can be an individual researcher, a group (e.g., department), or a journal.
Since the first report on bibliometrics in neurosurgery by Lee et al. in 2009, 19 there has been expanding interest in this topic. 1, 4, 12, [14] [15] [16] 24, 27, 31, 32 In 2013, Kalra and Kestle that host accredited pediatric fellowship programs. They found that the publishing productivity of the pediatric neurosurgeons in these groups, measured using the h-and g-indices, was on par with the productivity of neurosurgeons in all academic departments. Although the h-index is one of the most well-known measures of academic productivity, 11 its shortcomings are well documented. 9 We undertook the present study to provide a more detailed analysis of the publication output of pediatric neurosurgeons by using a profile of multiple well-recognized bibliometric techniques that can more accurately represent an individual's achievements. We focused the analysis on North American pediatric neurosurgeons, including a subset practicing at fellowship host programs.
Methods
A list of all active pediatric neurosurgeons in North America was generated. This list was created through various sources: websites for the American Society of Pediatric Neurosurgery (ASPN) and the Accreditation Council for Pediatric Neurosurgery Fellowship (ACPNF), the mailing list of the Canadian Pediatric Neurosurgery Study Group (CPNSG), the database created from a previous study of ours, 16 hospital and departmental websites, and email communication with individual departments if additional information or clarification was required. We defined an "active pediatric neurosurgeon" as a physician who currently practices pediatric neurosurgery, is involved with related research, or both. Any physician whose practice did not focus on children or who was retired from clinical and academic duties was excluded.
For each neurosurgeon, the following metrics were collected.
h-Index
An individual's h-index is defined as the number of his or her papers, h, with at least h citations. 11 It is the point at which the number of citations intersects the number of publications listed in decreasing order of citations (Fig.  1) . The h-index was manually calculated using Scopus to give credit for citations before 1996. 14 
m-Quotient
The m-quotient is the h-index divided by the number of years since the author's first publication.
11 It is a metric of continued publishing productivity and was developed to correct for the duration of an author's career.
Contemporary h-Index
The contemporary h-index (hc-index) is a metric of recent activity. 26 It is derived by multiplying the citation count of an article by 4 and then dividing by the number of years since publication. Thus, the number of citations generated by an article published in 2013 was multiplied by 4, the citations from a paper from 4 years ago (2010) were multiplied by 1, and the citation count from a paper from 6 years ago (2008) was multiplied by 4/6. The hcindex was obtained from Harzing's Publish or Perish version 4.6.4 (http://www.harzing.com/pop.htm), which uses an advanced version of Google Scholar.
g-Index
With articles ranked in decreasing order of the number of citations that they received, the g-index is the largest number such that the top g articles received (in total) at least g 2 citations. 7 The g-index was obtained from Harzing's Publish or Perish.
e-Index
The e-index was calculated by first determining the total number of citations from papers that make up the hindex (h-index core) and then subtracting the minimum number of citations required to reach that h-index (h 2 ). The square root of this residual or "excess" citation count is the e-index (Fig. 1) . 35 The e-index was obtained from Scopus. The g-and e-indices were designed to complement the h-index for highly cited scientists. Like the m-quotient, these 2 indices were also adjusted by the number of years since first publication (corrected g-and e-indices).
Citation metrics were compiled for all pediatric neurosurgeons and the following subgroup comparisons: 1) academic pediatric neurosurgeons with a fellowship program association versus academic pediatric neurosurgeons without this association; 2) academic pediatric neurosurgeons versus private practice pediatric neurosurgeons; 3) American versus Canadian pediatric neurosurgeons; and 4) male versus female pediatric neurosurgeons.
For departmental analysis, we totaled the number of publications and citations from those publications from 2008 through 2013. This process was done for the 26 fellowship programs listed on the Accreditation Council for Pediatric Neurosurgery Fellowship website (www.acpnf. org). To avoid giving multiple credits for the same paper, if more than 1 neurosurgeon from the same department was listed on a publication, only a single author in the department was given credit. The credited author was based on authorship position; first and second authorships were counted higher than senior authorship, followed by the third author, the fourth author, and so on. Similarly, each paper was credited only once to a department for the purposes of departmental analysis (see below). An author's contributions counted toward the total publication and citation number of their affiliated institution at the time of publication, which we accomplished by scrutinizing the article headings of individual publications to account for any change in institutional affiliation over the time period of this study (2008) (2009) (2010) (2011) (2012) (2013) .
Each department was ranked by 1 of 4 metrics during the period 2008 to 2013: the total number of publications, the total number of citations, and the cumulative h-index and e-index of its current faculty members. The total numbers of publications and citations were used because they are the underlying metrics for publishing upon which all others are based. The h-index was chosen because it is the most well-known bibliometric; the e-index was used because of its superior ability to quantify citation volume.
Lorenz curves and Gini coefficients were generated for all academic departments (regardless of whether they supported a fellowship) with 4 or more members for publications and citations. The Lorenz curve is a graphical representation of the contribution each member of a department makes to publications and citations. 3 The curve included all the neurosurgeons who were part of a particular department from 2008 through 2013. The Gini coefficient is the mathematical summary (area ratio) of inequality of author contribution to the department publication record based on the Lorenz curve (ranging from 0.0 [perfect equality] to 1.0 [complete inequality]) (Fig. 2) . 3 All statistics were calculated using SPSS (version 21, IBM SPSS). Significant p values were considered to be < 0.05; however, it should be noted that 35 p values were generated. Bonferroni correction of the p value was not performed, because it was thought to be too conservative. 23 Data were collected from September to December 2013.
Results
The bibliometrics for all pediatric neurosurgeons in North America (n = 312) and the various subgroups are shown in Table 1 . The average number of years in practice was 15.4, with a range of 0 (indicating that the surgeon started practice in 2013) to 49 years. The median h-index, m-quotient, hc-, g-, and e-indices and the corrected g-and e-indices were 10, 0.59, 7, 18, 17, 1.14, and 1.01, respectively. Note that the range for each index varied widely.
All the indices were significantly higher for academic neurosurgeons who were affiliated with a fellowship program than for those not affiliated with a fellowship program and significantly higher for academic neurosurgeons than for private practitioners. The m-quotient was the only measure that was significantly higher for Canadian than for American pediatric neurosurgeons. Although the shapes of the histograms depicting the numbers of years in practice were similar for men and women (Fig. 3) , the median numbers of years in practice for men and women were 14 (range 0-49) and 8 (range 0-32), respectively, indicating that men as a group were more senior. The proportions of male and female neurosurgeons with an academic practice were identical (219/260 [84%] for men vs 44/52 [84%] for women). Men had higher productivity measures for comparisons of both all men (n = 260) with all women (n = 52) and all men with fewer than 30 years of practice (n = 214) and all women with fewer than 30 years in practice (n = 49). The median number of years in practice for men in practice fewer than 30 years was 12 (range 0-29); for women, it was 8 (range 0-28).
Each pediatric neurosurgical department with a fellowship (n = 26) was ranked in 1 of 4 ways: cumulative h-and e-indices of its current members and the total numbers of publications and citations from 2008 through 2013. The top 2 departments were Harvard University/ Boston Children's Hospital and University of Toronto/ Sick Kids, although it should be noted that Boston Children's Hospital had 8 active members, whereas Sick Kids had 5 ( Table 2 ). The Gini coefficients for publications and citations are depicted in Table 3 . The mean coefficient for publications was 0.45 (range 0.18-0.70) and for citations was 0.53 (range 0.25-0.8). The University of Texas Southwestern and the University of Indiana had the most equitable contribution of publications and citations by members of their pediatric neurosurgery departments, respectively, although it should be noted that their publication outputs were 13 and 31 papers, with 41 and 60 citations over the 6-year period, respectively.
Discussion

Effect of Practice Type and Location
Pediatric neurosurgery is an ideal specialty in which to perform a comprehensive bibliometric analysis because of its relatively small membership. To our knowledge, we have performed the most detailed evaluation to date for the defined population as a whole and for a number of subgroups. The raw numbers for the various indices we measured can be viewed as benchmarks for pediatric neurosurgery. We confirmed our previous findings regarding publication metrics for pediatric neurosurgeons, which indicated that the publishing output by pediatric neurosurgeons is at the lower end of the range compared with that by other subspecialty neurosurgeons. 16 We assumed that academic pediatric neurosurgeons had higher metrics than private practitioners, but we were somewhat surprised to find that, across all metrics, academic pediatric neurosurgeons affiliated with a fellowship program were more productive than those who were not. The relatively low publishing output by pediatric neurosurgeons is therefore particularly surprising given the high proportion of pediatric neurosurgeons with academic affiliation.
There were no real differences between American and Canadian pediatric neurosurgeons, with the exception of a higher m-quotient (h-index corrected for number of years since first publication) for Canadian pediatric neurosurgeons. The statistical significance of this higher m-quotient may have occurred simply by chance given the number of comparative tests that were performed in this study.
Effect of Gender
Male pediatric neurosurgeons statistically significantly outperformed female pediatric neurosurgeons across all metrics, a finding that has been demonstrated repeatedly in the literature. 6, 8, 18, 21, 22, 28, 33 This result persisted even when we restricted the analysis to neurosurgeons with fewer than 30 years in practice, correcting for the bias introduced by having a greater proportion of male than female physicians with longer careers. Our bibliometric profile used measures that were chosen specifically to address the disadvantages of the traditional h-index: capturing highly cited work (g-and e-indices), giving more weight to recent publications (hc-index), and adjusting for number of years in academia (m-quotient and corrected g-and e-indices).
Gender disparity in publishing and scientific academia has been debated extensively in the literature for many years. Recently, an entire issue of Nature addressed this topic (March 2013, www.nature.com/women). The assumption that gender bias in science is unquestionable and pervasive, however, may not be valid. 5, 34 Several authors believe that the h-index produces biased analyses of gender disparity in publishing because it favors senior scientists and quantity over quality (assuming that citation count is synonymous with quality). 13, 30 Symonds et al. and others have demonstrated that in some fields, female researchers publish fewer but higher-quality articles. 6, 30 Although others have documented gender disparity in the advancement of academic rank, 20, 25 our recent analysis, as well as that of Tomei et al., found that the gender gap in publishing was eliminated when controlling for academic rank. 16, 31 Tomei et al. 31 suggested that this lack of difference is likely a result of the "rigorous, thorough, and impartial nature of the process used by promotions committees across the country." For the current study, we did not factor in academic rank because the elements that directly relate to promotion are institution dependent. For some institutions, the process may (overtly or not) favor men; in others, it may favor women or be unbiased. We simply do not know. Therefore, we used a measure that should have no inherent bias (although collectively it did introduce bias as previously mentioned)-number of years in practice-as a better way to ensure that men and women were compared on equal terms. Nonetheless, comparison of male and female academic productivity remains challenging.
The reasons for the gender gap in academic productivity are likely multifactorial. Eloy et al. and Pashkova et al. found that female otolaryngologists and anesthesiologists, respectively, produced less published research earlier in their careers than men but equaled or exceeded men at senior levels. 8, 22 Few data are available to assess the impact of childbearing on the early and total career publishing productivity of female neurosurgeons. Given that currently only 17% of North American pediatric neurosurgeons are women, the limited availability of female mentors may also play a role. Whatever the status quo, the specialty of pediatric neurosurgery must continue to foster a supportive environment for female academic surgeons and ensure that women are adequately represented in training and leadership positions, as recommended by the recent Women in Neurosurgery white paper. 2 
Bibliometrics by Department
Bibliometrics allows departments to be ranked by numerous methods, including the 4 used in the present study. Ranking by number of publications is the simplest, but it may give undue recognition to those who publish many inconsequential papers and may fail to adequately recognize authors with fewer but highly cited publications. Ranking by total number of citations may better reflect the scientific impact made by a collection of publications. Ranking by cumulative h-and e-indices better reflects the cumulative academic impact of individual department members, but like all these methods, it fails to correct for the impact of multi-institutional publications. In general, department rankings by cumulative metrics were similar to those using total publications or citations.
The Lorenz curve and the Gini coefficient can be used to perform intradepartmental analysis. This type of analysis is best suited for larger departments, here limited to those with 4 or more pediatric neurosurgeons. The Gini coefficient of a department is proportional to the number of departmental members who do not significantly contribute to publishing productivity. Many departments had similar Gini coefficients for publication and citation productivity, although a disparity was present in some cases. The University of Texas Southwestern, for example, had the most equitable publication productivity among its members of any department (0.18) but a relatively inequitable coefficient for citations (0.55). 
Utility of Bibliometrics in Pediatric Neurosurgery
Pediatric neurosurgeons are measured professionally in a multitude of ways on a daily basis. Examples include measures of clinical productivity (e.g., case volume, charges and collections, relative value units), perioperative efficiency (e.g., start time, case length, expenditures), postoperative outcomes and quality (e.g., mortality, morbidity, shunt infection rates, etc.), patient satisfaction (by survey), and administrative performance (e.g., the timeliness of medical records dictation). Collecting such data allows internal and external comparative analysis and is sometimes used in the determination of incentive pay or promotion. Bibliometrics is an additional metric of importance in the comparative evaluation of academic productivity. Although a relatively young science, bibliometrics has matured in method and importance and has been the subject of scientific meetings and independent peer-reviewed journals.
Publications are one of the most visible and marketable academic products of university departments, and their production correlates well with research funding. 29, 32 Although each of the various bibliometric indices reported here suffers from one or more limitations, they reflect a significant advance over the evaluation of academic productivity according to relatively crude indices such as publication number or academic rank. The present study sets forth bibliometric benchmarks for pediatric neurosurgery that may be of use in tracking academic productivity according to publishing rates, which may be of use, for example, in the accreditation of fellowship programs (faculty and resident publications are already tracked as part of the Next Accreditation System for neurological surgery residency programs). Although imperfect, bibliometric comparisons also allow for more objective intraand interdepartmental comparisons.
Global bibliometric analyses of pediatric neurosurgery, repeated at regular intervals (e.g., every 3-5 years), can be used to gauge the impact of new research initiatives and research training mechanisms. Bibliometric indices may also be of interest to individual resident and fellowship applicants in choosing a program to best suit their academic goals.
Study Limitations
Bibliometric indices have a number of inherent limitations. They cannot always reliably identify publications that are of high quality or those that have made a signifi- cant impact on a field. Nevertheless, articles of high methodological quality (e.g., reports of randomized controlled trials) or that present novel and important information that has sparked additional research are generally cited more frequently than publications with less impact, which makes bibliometric analyses the most accurate largescale quantitative method available. Citation analysis depends on the accuracy of the database used. 17 Researchers with common names or with the same name as other family members (e.g., John Jane Jr. vs John Jane Sr.) require special attention to ensure that all publications belong to the researcher being evaluated. Assigning credit to only one author on a publication underrepresents the effort that other department members contributed, but it was necessary to accurately assess departmental productivity. The finite time period chosen for the departmental analysis represents a cross-section that is not eloquent regarding past or future performance, although bibliometric results may be predictive of future accomplishments. 10 Finally, the use of the summed or cumulative h-and e-indices has its limitations. These indices evaluate a researcher's entire publishing career regardless of the institution with which he or she was affiliated and may increase over time on the basis of the strengths of previous research successes. Therefore, ranking programs by the department's cumulative h-index does not accurately depict more recent achievements or current intellectual vigor and productivity of department faculty.
Although comprehensive bibliometric statistics may be compiled more easily for a small specialty such as pediatric neurosurgery, very small specialties may already benefit from detailed personal knowledge among practitioners of individual productivity. Recent publications and professional presentations indicate a growing interest in bibliometrics among neurosurgeons. The use of multiple bibliometric indices will likely improve the overall accuracy of this numeric approach. In addition, increasingly novel ways of measuring academic productivity and impact (e.g., ResearchGate, www.researchgate.com) may also influence outcomes in the future. Nevertheless, even with the use of increasingly diverse bibliometric techniques, the entire breadth of an individual's academic portfolio can never be adequately summarized numerically.
Conclusions
Bibliometrics allows objective quantitative analysis of the academic productivity of individuals and departments. It is a language that is evolving and growing in popularity within academia, but it has limitations and needs refinement. We have conducted a detailed biblio metric evaluation of pediatric neurosurgery in North America, the results of which can serve as benchmarks for future studies.
